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© Method of activating cytolytic activity of lymphocytes using anti-CD28 antibody. 



@ The development of cytorytfc activity of lymphocytes can be potentiated by contacting the lympho- 
cytes wfth antibody reactive wfti CD28 receptor, such as 9.3 monoclonal antibody. The cytolytic activity 
thus potentiated Is CD3 heterocor^gatB-lndependent since targeting with a CD3 anlMarget compound 
* b not required. The development of cytolytic acuvfty can be further potentiated by also contacting the 
lymphocytes wfth antibody reactive with anttCD2 antfoody or Immobilized antibody to the CD3 
receptor, or by also contacting the lymphocytes with fnterfeukfn-2. The CD28 receptor may be 
aggregated on the surface of the lymphocytes, as by crossiinking the antibody reactive to it on the- 
surface of the lymphocytes. This crossiinking can be by the use of a second antibody reactive wfth the 
anb-CD28 antibody. Another aspect of the present Invention is a method of adoptive therapy for treating 
cancer in a subject comprising the steps of: (1) contacting lymphocytes In vitro wfth an antibody 
reactive wfth CD28 receptor to potentiate the development of cytolytic activity of the lymphocytes to 
produce r/mpbocytes having cytolytic activity that is CD3 heteroconjugate independent; and (2) 
Producing the cytolytic lymphocytes into a subject to WD cancer cells. 
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METHOD OF ACTIVATING CYTOLYTIC ACTIVITY OF LYMPHOCYTES USING ANTI-CD28 

ANTIBODY 



FIELD OF THE INVENTION 

This invention relates to methods for potentiating cytolytic activity of lymphocytes, and more specifically 
to the use of ant)-CD28 antibody reactive with receptors on the surface of lymphocytes. 

BACKGROUND OF THE INVENTION 

One of the promising methods of therapy for cancer is immunotherapy, in which leukocytes, particularly 
lymphocytes, are stimulated to attack tumor cells. One such method is known as adoptive immunotherapy, in 
which lymphocytes are stimulated Jnvftro by 

troduced into the organism to fight the tumor ceils. (Rosenberg et aJ„ Science 223 :1 31 8-1 321 (1988)). 

Methods are known for stimulating lymphocytes to attack tumor ce8s. For example, CD3-posfflve T ceDs 
can be targeted to ryse tumor ceQs using heterooonjugates prepared by linking monodonal antibodies (mAbs) 
to C03 and a mAb reactive with a tumor-associated target cell antigen, after incubation with ant!-CD3 mAb or 
with IL-Z(JtmnetaL ProcL Nat Acad.ScL(U^A) 83 :4479(1988>; Juno etaL Proa Nat Acad. ScLCU^A) 
84 :461 1 (1987) :7Ttus et aU J. Immunol, 138 :4018 (1987) ; Perez et al- J. tmmund. t37 3089 (1988) ; Perez 
etaL Nature 316 : 354 (1985)). Ucewise, heteroconjugatas consisting of anti*CD3 and anti-viral mAbs have 
been described that induce specffic lysis of virus-infected ceils (Zarfing et a)., J. Immunol. 140 2609 (1988) ; 
Staerz. et aL Eur. J. Immunol. 17 :571 (1987)). These cytolytic cells are referred to as "CD3-dependent° 
because they require contact with the CD3 receptor to stimulate lytic activity. Spedfcfy of CD3~dependsnt lysis 
can also be conferred by conjugating a hor^ 
(Uuetal., Science 239:395(1 988)). 

Activated T-ceDs have been reported to be lytic to tumor cells without requiring stimulation of CD3 using 
PhytohemeghJtinb (PHA) stimulation of NK-depleted T ceils, or IL-2 stimulation of purified T ceDs. (Thlele, et 
at. J. Immunol 140 3253 (1 988) ; Calamonlci et el., J. Immunol. 140 2527 (1988) ; Damie et aL, J.Immunol. 
137 3814 (1988) ; Morivama et aL Cell. Immunol. 111:482 (1988)1 A natural killer (NrO-Cke activity of CP3+ 
T«cefl donas and leukemic oefls has also been observed. (Blrg etaL J. Exa Med. 157:1252 (1983): Hercend 
etaL Nature 301 :158 (1983) ; Me et d.. Human Immunol. 1 1 :183 (1984) ; Brooks etaL J. ImmunoL 138 :1331 
(1987) ; Roberts et aL Eur. J. Immunol. 1 S :448 (1985)). The kDltno generated after activation Is not restricted 
by the nwtfor htetocompatibHily complex (MHC) and is directed to multiple tumor targets (Thlele etaL supra; 
Calamontd et aL supra ; Damie et aJ., supra) . Such klling is not dependent on CD3 interaction with the tumor 
ceDs but may require surface expression of the CD3 T-ceN receptor complex (CD3HT). (Thida, et al. supra) . 
This kaSng is referred to 88 "CD3-independenf lytic activity. 

It would, therefore, be desirable to find a novel and efficient method of stimulating T-ceOs to develop CD3- 
tndependent cytolytic activity to attack tumor cells. 

SUMMARY OF THE INVENTION 

Accordingly, the present Invention provides a method for potentiating the development of cytolytic activity 
of lymphocytes to produce cytolytic lymphocytes by contacting the lymphocytes with antibody reactive with 
CD28 receptor on me surface of the lymphocytes. The cytolytic activity generated by simulation of the lym- 
phocytes to CD3 heteroconjugate-lndependent because the activity does not require stimulation of the C03/T1 
receptor complex, and therefore does not require the use of heteroconjugates containing antibody reactive with 
the C03-TI receptor complex. 

Trm antibody reactive with CD28 receptor to typlcaHy a rnonodonal antibody. The monoclonal antibody can 
be an lgG2a antibody, euch as m onoc lon a l antibody 9Jl 

The method further includes the step of contacting the lymphocytes with e second entibody reactive wilh 
CD2 receptor or with CD3 receptor. The second antibc<ty reactive wim the CD3 receptee must be immobilized 
to a 8oHd support The method can also lurther comprise the step olcontatf^ 
2 (IL-2). 

Rr maximum cytolytic response, the CD28 receptor to eggregated on the surface of the lymphocy^^ 
CT^ receptor can be aggregated on the surface of the lv^ foe anybody reactive wim 

CD28 on the surface of the lymphocytes, for example using a second antfocdy reactive with the antibody reao- 
tive with the CD28 receptor. The second antibody can be a rat monoclonal antibody binding to mouse K light 
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chains* such as monoclonal antibody 1 87.1 . CD28 receptorsggr^atkm can also be induced by a high motecu- 
lar weight conjugate, tor example containing anti-CD28 antfeody bound to anti-CD2B antibody, such as 9.3 
monoclonal antibody bound to 9.3 monoclonal antibody* (9.3 X 9.3) or by use of immobilized anti-CD28 anti- 
body. The lymphocytes can addfttonaBy be contacted with 11-2. 

Another Important aspect of the present Mention tea method for treating 
comprises the steps of i 

(1) contacting lymphocytes in vfro wfth an antibody reactive with CD28rBceptor to p<xentiater^ 

ment of CD3 heterocon^igate-ind ependent cytolytic activfiy of the lymphocytes to produce cytolytic lym- 
phocytes; and 

(2) Introducing the cytolytic lymphocytes Into a subject to kS\ cancer cefls in the subject 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 1s graphs showing treatment of CD16rnAb pi us C' to NK(»Ilsa^ 
their abD&y to lyse in the presence of anti-CD3 (G1&4)/L6 hetoroconjugate ( OO ), unoonjugated G1&4 

and LB (^""^), or alone (• as described In the Example, Intra 

Figure 2 Is graphs showing the results of treating T-ceOs with Increasing concentrations of IL-2 in the pre- 
sence of an antt-CD3 mAb (O1&4)0jB rtetefoconjugate C 0 " - * 3 ). tmconjugated mAb G1*4 and L6 
( ^~°) or atone ( ) as described in the Example infra. 

DETAILED DESCRIPTION OF THE INVENTION 

In order that the invention herein described may be more fully understood, the following detailed description 
beet forth. 

The present invention provkies ametricd of stirnuiatlng rymphocytes to k2l tumor cells using anti-CD28 mAb 
reactive with the rymphocyte receptor C02& 

immobilized anti-CD3 mAb must be present when the T ceils are originally stimulated by the anti-CD28 mAb 
to induce the cytolytic activity, it has been found, unexpecteoly, that lyrnphocytes can be efficiently stimulated 
to attack and lyse tumor cells by contact wfth antf-CD28 mAb to the absence of CTO 
the kitting or "effector" phase of the lysis. The activity is not inhibfted by anti-CD3 mAb. This ceQ lysing activity 
stimulated by the contact of T-cefl lymphocytes with anti-CD28 antibody is referred to herein as tytotytio 
activity". The cytolytic activity stimulated by anti-CD28 mAb Is defined herein as *CD3 rtetefoconjugate Inde- 
pendent - during the cdlluWng phase because a heter^ 

receptor on T ceils and an antibody reactive with tumor-associated antigen lor targeting to the tumor calls Is 
not required during this phase. 

1, General Stimulation Methods 

In general, the development of cytolytic activity can be stimulated by contacting the lymphocytes with anti- 
CD28 antibody, preferably in the presence of small amounts of IL-2, or in the presence of antM^ or Immobi- 
lized anti-CD3 antfoody. Preferably, the rymphocytes are T-cetl lymphocytes. The anti~CD28 antibody can be 
a pdydonai antibody or a monoclonaJ antfcody, but is preferably a rra>nocJonal antibody. A particular example 
of such a preferred monoclonal antibody b the monoclonal antibody designated as monoclonal antibody 9.3, 
ATCC Na 10271 described further infra. Preparation of hybridomas producing rnonoctonal antibody reactive 
with a specific receptor such as CD28 receptor are lmown In trteeri Methods such as those described 
and MBstetn (Nature 256 :498 (1 975) may be used to produce the hybridomaa. 

2. Potentiation of the Response by lnterteukin-2 

Alternatively, the development of cytolytic activity of rymphocytes contacted wfth antl-CD28 antibody can 
be further potentiated by treatn^ 
thus activating tyrosine kinase In Tcette(SaftzmanetaLJJ|i^ 

Ce«. Bio). 8:2214 (1 988)), When IL-2 is used, it Is preferably present at from about 20 units/ml to about 1 00 
unlts/mJ, most preferably at about 50 untts/ml. 
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3. Contact wtmC03cy(X)2 Antibody 

5 The development of cytolytic acuv&y In lymphocytes contacted wtth antK)D28 antibody can be further 
potentiated by contacting the lymphocytes with a second antibody reactive with CD2 receptor or CD3 receptor* 
Preferably, the second antibody reactive with CD2 receptor or CD3 receptor Is a monodona! antibody. A par- 
ticular example of a preferred monoclonal antibody reactive wah the CD2 receptor ia the monoclonal antibody 
designated as 9.8. described further, Infra A particular example of a preferred monoclonal antibody reactive 

10 wfth the CD3 receptor is the monoclonal antibody designated as Q1fr4 described further. Infra. 

Preferably, the antibody reactive with the C03 receptor is attached to a solid support for presentation to 
the lymphocytes for Induction of cytolytic activity. SuftaUe solid supports Include sepharose beads, or other 
supports weH known In the art The antibody may be attached to the soDd support using standard techniques. 

15 4, Crossllnklng 

The effectiveness of the devek>pmem of the cytolytic activity by anti-C028 antfcody may be increased by 
aggregating the CD28receptore in the ceflmen^ 

me anfi-CD28 antibody. La reacting the anti-CD28 antibody with a binding partner on the surface of the lynv 

20 phocyte&TheaosstinldrTgmaybe 

reactive with the ant^CD28 antibody. An example of such crossllnxtng is tiie use of a ftf rnonodonal antibody 
binding to mouse K chains such as monoclonal antibody 187.1 , described infra, as the second antibody. Alter* 
natively, the C028 receptors may be aggregated by using a higher molecular weight conjugate of anttCD28 
antibody, for example an anfl-CD28/anti-CD28 (9.3 x 9,3) homoconjugata. In addition, the T ceils may be con- 

25 tacted with anti~CD28 antibody Immobilized to a plastic surface to aggregate the CD28 receptors on the cell 
surfaces. 

& Therapy 

so Anti-CD2a mAb fa useful to activate IvmDhocvtes In vitro and therefore, may be used to regulate cellular 
Immune responses In diseases, infection, cancer, AIDS and autoimmune disorders. AntKCD28 mAb may be 
especially useful for the regulation of cellular immune responses in disease etatira where 
tfsregulation of Testis. 

The present Invention encompasses inethods for treating lymphocytes 

ss regiitation of cetiular immune respo 

CD28 antibody may be used for the in vfo^ activaticm can be carn^cnit by contacting 

T lymphocytes taken from a pattern wfth mAb CD28jnyftro^ 

be reinfused into the autologous donor to HI tumor ceBs as descrfoed by Rosenberg et aU supra. Any of the 

methods cfthe invention for potential 
40 first step In this genera) method of adoptive therapy. Thus, fcnmobilteed anti-CD3 mAb, or anti-CD2 antibody 

oriL^maybeaddedv¥iththeanti-CD28 antibody to the Ivmphocvtes In vitro to achieve Induction of cytolytic 

activity in the lymphocytes. The CD28 receptor on the lymphocytes is preferably aggregated to enhance the 

inductkmofcytriytfcacWy,fw 

187.1, orwfth a second 8Jiti-CD28ntfu>. Alternative^ 
45 face to aggregate the CD28 receptor for biduction oT b^ cytolytic activity. Tito 

Involve the bnjtoo co-Incubation or preincubation of the T cells with other knmuriomodutators such as ILrZ 
Adoptive therapy has the advantage of avoiding the use of a relatively bulky agent such as a targeting 

heteroconjugats incorporating an antibody reactive with an antigen associated with a tumor ceJL Such 

hetBroconjugates are time consuming and may be dffflcuJtto prepare. In adoptive therapy, the lymphocytes 
60 are activated In vitro and ordy the activated lymphocytes are introduced into the subject to kfil tumor ceOs or 

treat Immune disease. 

In general, lymphocytes may be activated Invttro for use in adoptive therapy of a patient by treating 10? 
to 1 0 1 lymphocytes with anb^CD28 mAb add ed at 1 00 ngfrn) of culture fluid to 1 ugtoti. Th e activated lympho- 
cytes may then be administered to the patient The most effective mode of administration and dosage regimen 
59 fcrthetttoptivo therapy wfld^ 
totreatmeitfandthejudgemerttf 
should be titrated to the Individual patient 
The flowing examples are presetiM 
in making and using the same. The examples are rwt Intended in any way to otherwise limit the scope of the 
disclosure or the protection granted by Letters Patent hereon. 



4 



EP0440373A1 



Example 

5 Activation of Cytolytic Activity With Anti-CD28 Antibody 
Monoclonal Antibodies 

Anti-CD3 mAb G19-4, ATCC No. HP 9536, an lgG1 f was obtained as described In Ledbetter etal., X 
10 Immunol. 138 3945 (1986). Antt-CD2 mAb 9.6. ATCC No. HB 10267. an Igffia, was obtained as described In 
Martin et aJ M J. Immunol. 131 :180 (1883). AntkCD28 mAb 94 ATCC No. HB 10271 . an tgG2a, was obtained 
as described In Hansen otai.. bnmunoQenetka 10 J247 (1980). Rat mAb 187.1 . which binds to mouse K chain , 
was obtained as descrflred En Yetton et at. Hybr]tar»1 :5(1981).Monoctor^ 

an tgG2a, Is broatfly reactive with carcinomas and was used for targeting to tumor cells to provide heterooon- 
15 jugate*. It was obtained as described in Heflstrom et a!.. Cancer Research 46 :3917 (1986). L20, ATCC No, 
HB 8913, an I9OI monoclonal antibody, was not reactive wfth the H3347 c ar c i noma cell line used as the target 
and was used as a control In some experiments. AD of these mAba were puiffledftomasd 
Anti-CD16 mAb FC-1 , an IgM, was obtained as described In Tetteroo et aJ„ Leukocyte Typing III. Ch. M&3, 
Michael, Ed (1987), and was used as ascites fluid at a dflution of 1 :100. Anti-CD2 mAb 8-1, an lgQ3, was 
20 obtained from Dr. B. Dupont (Memorial Sloan Kettering Cancer Center. N.Y.) aa described in Yang eteJ^J. 
Immunol. 137 :1097 (1986). and was used in purffiad form. Prwrbo^12-myristate-13-acetate (PMA) was 
obtained from Sigma Chemical Co. (St Louis, MO). 

Preparation of Heteroconjugates 

25 

Heterocor^ugates were prepared, using malelmldobut^^ 
CA)andfrrenInothiolaner^ 

Phycoerythrln coupltng which has been described by Hardy et ah, in Methods In Immunology. D. Wdn, Ed. p. 
31.1 (1988) and was designed to result in lftt)e, any. unconjugated antibody. Briefly, one mAb was treated 
so wfth24Tat250iigMmAb8Jtda8ecoixlrn 

were desalted and mixed together to form a stable thtoether bond. Heteroconjugates were analyzed by size 
exdusbn chromatography using a Superose-6 (Pharmacia, UppsaJ* Sweden) column (1^ 
Jugate sizes ranged from >7TOkR^^ 

targeting activity was present in an fractions containing conjugates (>150 Kd) and was simBar In activSy to 
35 unfractionated heterocon>jgata. Therefore, the antt-CD3/LB heteroconjugate was used unfractionated In the 
present experiments. 

Preparation of Effector Cells 

40 Human peripheral blood mononuclear cells (PBMCs) were separated from the Mood of normal, healthy 
donors by cerrtrifogation over a Ftcol-Hypaque (Organon Teknika Co^ Durham. NC) gradient After being 
washed twice in culture meoTum (CM. RPM1 1 640 (Gibco, Grand Island. NY) ♦ 1% L-glutamlne ♦ 1% Pen/Strep), 
cells were Incubated at 1 (PArt with anti-CD16 mAb FC-1 In the form of asc&ra fluid dButed 1 :1 00 In CM ♦ 15% 
heat-Inactivated pooled normal human serum (PHS) (PeMPreeze. Brown Deer. WQ for 30 mln at4°C. Rabbit 

45 complement (Pel-Freeze) was added at a final dilution of 1 :4. and cells were Incubated for 46 rrtn at 37*0. 
For CD3 activation, 75 art* flasks were Irwubated for 60 min at room temperature with 3 rri 
saline (PBS) ♦ 1 0 pgflml anti-CD3 mAb 019-4. After 3 washings of the flasks, PBMC samples In CM wfth 10% 
PHS were added to the flasks which were then Incubated at 37°C. Twenty-four hours before assay, the cells 
were washed and transferred to fresh flasks with or without addition of IL*2(Oenzyme, Boston. MA). Cells were 

so returned to the Incubator until use. 

C02 activation was performed either by a two-epitope method of CWstimu)atkm(Yajiget8J^sijpraJwBh 
two anti-CD2 mAbs, 9.6 and 9-1, or by crossDnklng mAb 9.6 on the cell surface with the rat anti-mouse K mAb 
187.1 . CD28 activation was performed In a similar manner by crossllnklngr^ 
187.1. 

55 

Preparation of Target Cells 

H3347, a human colon carcinoma line, and H2981, a human lung carcinoma One, were both developed at 
Oncogen (Seattl e, WA). H3347 is a line that Is not lysed by stimulation of T cells with an IgG1 anti-CD3mAb 
alone, thus avoiding Fc receptor mediated targeting. They were kept In continuous culture bi IMDMo (tocove* 
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Modified Dulbecctfs Medium (GfBCO, Grand bland. New York) untfl use. SS. a B-tymphobfastold cefl line ^ 
LCL) (Oncogen, Seattie,WA) generated by Epstri^ 

an erythrdeukerria One, (Oncogen, Seatfle, WA) were kept In continuous culture until use. Target ceHa (3 x 
10 8 ) were labeled with 250 pCI of M Cr for 60 min at 37°C and washed 3 times before use. 



The M Cr release essay measures the cytolytic effect of the effector cefla and b described by Jung etal. 
Proa Natl Acad. 3d USA 63 :4479 (1986). Washed effector ceBs In 50 |i) CM ♦ 10% PHS (10 7 /fcrf) ware added 
In triplicate to the wells of a 96-we» round bottom plats along with 50 pi CM + 10% PHS, wtth or without 
heterocontugates, antibodies, or various mbttures of the two. Subsequently, the plates ware placed In the 
Incubator at 37*C In a 5% CO* atmosphere for 4-6 hours. After centrifugal of 
100 pi of superriatart were removed from eac^ 

a gamrmay counter QttUfflcromediG, Worsham. PA). Percent celknediated lysis (CML) was calculated by: 

(MAXIMAL RELEASE - SPONTANEOUS RELEASE) X 100 
where X is the total release of «Cr In the presence of the effector cefls. Spontaneous release was o^tem 



by exposing labeled target ceOs to detergent (4% Cetrimlde, Sigma Chemical Co n SL Louis, MO) and counting 
toe supernatant* Means of the triplicate determinations are presented herein. Standard errors of the mean did 
not exceed 10% in any assay. Maximal release averaged 12 times higher In com titan spontaneous release 
throughout these experiments. 

Depletion of NK Activity by Treatment wtth Anti-CP16 Antibody Phis Activated Complement 

In order to confirm the cytolytic a^^ 
PBMCsasawaytoelimlnatomosttfttwW 

with tmmobflfeed anti-CD3 and IL-2. For this purpose the monoclonal antibody FC-1 (Oncogen, Seattle, WA), 
an (gM anti-COIB mAb that fixes complement efficiently, was used. 

The H3347 colon carcinoma cell line, which expresses a surface antigen defined by mAb L6, we** labelled 
wtth ^Cr and used as targets at an E :T of 50 :1 in a five house assay. PBMCs were used as effector cells, 
either untreated or pretreated with anttW 
incubated fbrSdays with an antW3 mAb. G1^ 

to which 50 DM of IL-2. but no anti-CD3 mAb, had been added mAb heterocortfup^tBs were used et 3 
final concentrations and mAb mixtures ww 1 shows the results In per- 

cent CML The data is representative of six experiments. 
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TABLE 1 

5 

Lysis of H3347 Carcinoma Cells by an Anti~CD3 L6 Heterocon jugate 

iftAb Heteroconluoate t>r> Mjy^p* 

to 

Effector 

cell Pre- Effectors Anti- Anti- Anti- Anti- L6 
Treataent Alone CD3/M CD3/ CD28/ CD3+L6 Alone 

L20 L6 

15 . 

None 21 42 24 18 24 30 

Anti-CD16 

+ C' 1 14 2 1 2 1 

ao • 



Resting PBMCs that had been treated with FC-1 plus C were not at ail cytolytic (0% lysis) when tested 

29 against the NK-eensltive line K562 at effector cell/target cefl (E:T) ratios of from 1Z& rl to 100 :1, while a 
sample of the same PBMCs that had not been treated wfth FC-1 lysed the K582 target cells (58% lysis). When 
the OT1B-i*egativec^ls were activa^ 

whereas effector cells not treatBdw^ 

ever, when a conjugate between mAb LB and the anti-CD3 mAb Q1 9-4 was added to the H3347 carcinoma 

30 ceils used as targets^ these were lysed by activated PBMCs. AoV&km of unconjugated mAb In 
equal amounta did not mediate cytotoxicity. Therefore, lysis of H3347 cetla was not dependent upon Fo*ne- 
dlated targeting by the anti-C03 mAb used in these experiments. Furttienwev the hete^ 
CD3^dependent because a conjugate between the L6niAban^ 

cell letting. Heteroconjugate targeting was eiso dependent on the spedftcitytf 
35 a heteroconjugate of G1 9-4 mAb and L20. a mAb reactive wfth lung carcinomas but negative with H3347, did 
not Induce cytotoxicity. 

Activation of CQ3 Heteioconluflate-tndependent Cytolytic Activity by Sttmutetton with AnttCD28 Antibody, 
AntK^AntibcoVanoAntK^Amibody 

40 

CD15-negative PBMCs were activated over e 3 day period according to six methods before being tested 
for their abifty to lyse "Cr labeled H3347 cells (effector to target cell ratio of 50 :1) in a 5 hour assay. Activated 

cells were tested alone with CM + 10% human serum as a control )» with unconjugated mAba anti-C03 

45 (019-4) plus mAb L6(0-0 ) t or with G1&4A.6 heteroconjugate (^°). The results are shown in Figure 1. 
When cultured without activation (Figure 1A) the cells progressively tost their abifty to lyse targets in the pre- 
sence of the 019-4AJB heteroconjugate so that by day 3, less than 10% CML was observed. With the donor 
used for this experiment, activation byanti»CD2 antibody (9.6 ♦ 9-1, Figure 1C)orajiti-CD28 (9.3 crosslinked 
by 187.1, Figure 10) pathways alsofeled to activate a heteroconjugate-dependent rysb, although the PBMCs 

so erdarosd em! entered the csficyda Alternant 
Increased the cefls'CDWepemtentlv^ 

by day 3 i n the presence of heteroconjugate, whBe th ere was no kflllng in the abs ence of hetesoconjugate, 

AdcRtton of eM^»>28 mAb 9.3 to either the 
urelF) not only Increased heteroconjugate mediated kBIIng by day 3 (anti-CD3 activated cefla Increased from 
ss 32%to45%;snti-CD2 activated ceBs Increased 

hetBroconjugate-lndependent cytolytic activfty. These data suggested separate pathways for the CDS 
hetBroconJugate-dependent and CD3 heteroconjugate-lndependent lysis. In 7 costimulatton experiments with 
anti-CD3 mAb, anttCD28 mAbsigntficanfly Increased C03 hetanxonjugate-lndependent cytolytic activity (p< 
.005). SbnOariy. in 13 coetimulation experiments wfth anti-C02 mAb, an*£D28 mAb significantly increased 
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CD3 heterccc^jugate-lndependent cytolytic activity (p< .0005). 

Activation of CD3-tndepandent Cytolytic Activity By Stimulation With IL-2 

CD16-negafive PBMCa were incubated for 4 days alone, or In the presence of increasing concentrations 
IL-2, immobilized anti-CD3 mAb, or a combination of (tie two. Activated ceils were tested for their abDity to 
lyse n Cr4abded H3347 tumor targets. Sanples were 

jugate (*^"^ ), 3 jig/ml MAbs arrtf-C03 plus LB ( ^"°) or alone *) and were observed to generate high 
levels of CD3 rteteiocorjugate^ndependent cytolytic activity (Figure 2). At 1000 U/mJ of IL-2, lysta in the pre- 
sence and absence of the heteroconjugate was 77% and 60% respectively. Lysis was not blocked in this ex- 
periment by the addition of 3 pg/rnl anti-CD3 antibody. In other experiments concentrations of anti-CD3 mAb 
up to 100 iigfrnJ were not able to block this IL-2 generated T-ce)l killing. Even at tow levels of IL-2 (1 0 LWml), 
lysis increased from 2% to 20%. When IL-2 was combined with Immobflteed anti-CD3 during the activation of 
resting T-ceDs, the CD3 heteroconjugate-independent cytorytic activity was reduced. When at 1000 UAnJ IL-2. 
effector cefls alone gave onry 22% CML, whBe heteroconjugate-mediatad lysis remained high (70%). 
AddffionaOy, four times as many celts were recovered from the groups activated with anti-CD3 + IL-2 as com- 
pared to the groups activated with IL-2 alone. Therefore, CD3-heteroconJugate Independent cytolytic activfy 
b Induced by IL-2 alone, and is deceased rather than increased by 

Comparison of IL-2 and Anti-CD28 Antibody Stimulation of CP^ndependsnt Cytofytio Activity 

CD3 heteroconjugate-lndependent cytolytic activity was induced by stimulating the CDId-negative cefls 
with increasing concentrations of IL-2 and with anti-CD28 antibody by crosslinklng mAb 9.3 on the cell surface 
with mAb 187.1, as' described further below. In addftkm, CDIO^egative ceRa were stimulated wtth antl-CD28 
and antt-CD2 antibody or PMA. 

CD1&<iegathie PBMOb were cuttured for 4 days atorw w 
9L3crossfinkad with nrtb 187.1), 1 

Co-stimulation of CD2 and CD28 was pertbrmed using crossiinking comfitions (as described by Ledbettar et 
a!- EJ. Immunol 18 :1601 (1088)). Briefly, 1 ugtonl of mAb 9.3 was combined with 1 pg/ml of mAb 9.6. then 
10 min. later with 8 pg/rnt mAb 187.1 with no caH wash. Other samples were activated with PMA (10 ng/rnl) or 
a mixture of arrti-CD28 mAb and PMA. IL-2 (50 UAnJ) was added in some cultures as indicated. Effector cells 
were incubated in triplicate win * 1 Cr-tabe!ed H3347 colon carcinoma ceOs at an E :T ratio of 50 :1, alone or in 
the presorted of 1£ug/rni each tfG1 94 r 

In Table 2. The standard errors of the mean did not exceed 10% in any sample. 
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TABLE 2 

CD28 Stimulation Synergizes vith CD2 or PMA 
Stimulation In Inducing. CD3-Independent Cytolytic 

Activity 

Induction of Effector Colls ^OSL 



TL-2 Effectors CD3/L6 CD3+L6 

Mfr ^n4/9r m (5Q Wwll) alone H£ HixttfXfi 

None - 2 21 4 

+ 7 26 12 

Anti-GD28 9 25 14 

(9.3 + 187.1) + 21 25 27 

Anti-C02 - 0 16 2 

(9.6 + 187.1) + 7 17 6 

Antl-CD2+Anti-CD28 - 35 46 39 

(9.3 + 9.6 + 187.1) + 36 43 40 

PMA "09 4 

♦ 9 22 21 

Anti~CD28(9.3)+FMA - 25 41 33 



As shown In Table 2, ceils cultured with antKSD2d antibody slightylncreased the CD3 hetemconjugate- 
independent cytolytic activity (9% versus 2%) slightly above background levels, as did activation wtth low levels 
oflL^(7%vereiis2%).However.co*^ 
peratartcytolytteK^tyto 

tially unchanged. CrosslinJdng of an antf-CD2 mAb, alone or In combination wfth IL-2. Induced only minimal 
cytolytic activity* 

Co-stimulation of CDS and CD28 generated both C03 heteroconjugatB-dependent (48% CML) and 
heteroconjugate Independent (35% CML) activity, which was not further Increased by the addition of IL-2 duitng 
the4a^ activation. Addibon of PfylAtothea^ 

Jugate^ndependentand dependent cytolytic activity, whie incubation of ceils with PMA alone during activation 
was Ineffective. Addftton of IL-2 to PMA during the activation period slightly increased the cefis* cytolytic ablBy. 

Table 2 thus shows that anti-CD28 antibody can stimulate a significant amount of cytolytic activity inde- 
pendent of the presence of a CD3 hetanxonjugate, that is not inhibited by unconjugated anti-CD3 mAb. This 
stimulation bfurmsr Increased b^ 

anti-CD28 mAb together wfth IL-2 or In combination with tmmobatzed anB-CP3 mAb was able to elfctt or aug- 
ment a CD3 heteioconJugaie4ndependent cytolytic response as shown In thb example. Incubation of ceils with 
IL-2 alone generated high levels of cytolytic activity which was C03 heteroconjugate-todependent and was not 
Inhibited by ant^C03 mAb. 
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Although co-stimulation of T-ceBs wfth anti-CD28 mAb has been reported to produce high levels of IL-2 
(Martin, et aL, J. Immunol. 1 36 :3282 (1 986)), the results presented herein demonstrate that Incubation wfth 
antkCD28 mAb 9-3 plus low levels of IL-2 (10 unttsAnl) gave a higher cytolytic response than Incubation with 
IL-2 or anti-CD28 mAb tncflvtduaDy, suggesting mat the generation of cytolytic activ&y by exposure to an arrti- 
CD28 mAb m^ not be rnedlated by IL-2 pmducto 
duction differences, and differences In the Interaction with anti-CD3 mAb. 

The enti-CD28 antibody may thus be used to Induce cytolytic activity In lymphocytes In the presence of a 
co-stimulatory agent such as anti-CD2 mAb, ImmobBlzed antl-C03 mAb or IL-2. In addffion, In contrast to 
heteroconjugato-rrtedlated kffiing which Is dependent on stimulation of the CD3 receptor, the caH-WOIng phase 
of the cytolytic actMty of lymprtocytes stimulated^ 

gates containing antt-CD3 mAb and a tumor targeting antibody and does not require stimulation of the C03 
receptor* 

As w31 be apparent to those skilled In the art to whteh the liwerrtton pertains, Oiepresert Invention may be 
embodied to fbnna other than those specifically disclosed above without departing tan the spirit or essential 
characteristics of the invention. The particular embodiments of the Invention described above, are, therefore, 
to be considered In all respects as illustrative and not restrictive. The scope of the present invention is as set 
forth In the appended claims rather than being limited to the examples contained In the foregoing description. 



Claims 

I. A method for potentiating the development of cytolytic activity of lymphocytes comprising the step of con- 
tacting lymphocytoa wfth an antfrody reactive with CD28 receptor on the surface of said bmiphocyteeto 
produce cytolytic lymphocytes. 

Z The method of claim 1 wherein said lymphocytes are T lymphocytes. 

a Theinsthod of ctolm2 wherein mec^ 
of the C03/T1 receptor complex. 

- 4> The method of daiml wherein said antibody reactive wfth C028 receptor Is a ntortoctona) antibody. 

& The method of daim 4 whereto said monoclonal anta>ody Is monoclonal antibody 9.3. 

& The method of daiml furtoer com said lymphocytes wfm airtlbooV reactive 

wfth CD2 receptor. 

7. The method of daim 6 furm^ 

81 The method of claim 1 further comprising the step of contacting said lymphocytes wfth antibody reactive 
with CD3 receptor. 

9l The method of claim 8 wherein said artibooV reactive wfth CD3rec*pta 
10. Tfceineftodof dalmlfermercompritf^ 

II. The method of claim 1 wherein said lymphocytes are contacted in vitro with said antibody reactive wfth 
CD28 receptor. 

12. The method of daim 1 vtorato seM ardbcd^ 

cytes is crossflnked to aggregate said CD28 receptor. 

18. The method of daim 12 wherein the cn»ss^ 

out by crossiinking said antibody wfth a second antibody reactive with said antibody reactive with CD28 
receptor. 

14 The method of claim 13 wherein said second antibody Is e rat monodonai antibody binding to mouse K 
chains. 
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15. Tha method of claim 14 wherein said rat monoclonal antibody is monoclonal antibody 187.1. 
1& The method of daim 13 wherein said art 

17. The method ofdaim 12 wherein said crosstbiklng Is carried out by contacting said tymphocytBs wfth a high 
molecular weight conjugate. 

18l The method of claim 1 7 wherein said high molecular weight conjugate contains antf-CD28 monoclonal antt- 
body linked to anti-CD28 monociona) antibody. 

19. The method ofdaim 18 wherein said anti-CD2B monociona! antibody Is BJ& 

20. The method ofdaim 1 wherein said CP28 receptor b aggregated in vitro on the surface of said lymphocytBs 
by contacting said lymphocytes with Irrtrnobllked anti-CD28 monodonal antibody. 

21. The method of dalm 13 lurther comprising the step of cont^ 

22. A method for treating cancer to a subject comprising the steps of : 

(a) contacting lymphocytes In vitro wfth an antibody reactive wfth CD28 receptor to potentiate the 
developmerttf c^tdytica having cytdytteactivfiy 
that Is CD3 heteroconjugate^ndependent ; and 

(b) Introducing said cytolytic lymphocytes into a subject to till cancer eels In said subject 

23. The meftod of daim 22 wherein sakla^ 

24 The method of daim 23 wherein said monodonaJ antibody is monoclonai antibody 9.3. 

25L The method of dalm 22 wherein step (a) further comprises contacting said lymphocytes, In vitro with anti- 
body reacthre wfth CD2 receptor. 

26L Tha method of daim 22 wherein step (a) further comprises contacting said lymphocytes in vitro with anti- 
body reactive wBh CD3 receptor. 

27. The method of dalm 26 wherein said antibooyreactrve with CDS receptor^ 

28. The method of dafrn 22 wherein step (a) further comprises contacting said lymphocytes In vitro wttfi frits*- 
leuWn-2. 

29. The method of dalm 22 wherein saM CQ28 reoaptor is aggregated to 
cytes. 

3a The method of daim 29 wherein said aggregation of the CD28 receptor Is carried out by contacting said 
tymphocytBs with immobilized anti-CD2B monoclonal antibody. 

31 The method of daim 29 wherein the aggregation of said CD28 receptor on to 

occurs by crosslinklng said ant&ody reactive with CD28 receptDr on the surface of said lymphocytBs. 

32. The method of daim 31 wherein the cross-linking of said antibody reac^ 
crossllnMng said antibody with a second entfiwdy reactive with said antibody 

33. The method ofdaim 32 wherein said second antfcody te a rat monodonal antfcody binding to mouse K 
chains. 

34. The method ofdaim 33 wherein said rat monodonal antibody Is monodonaJ antibody 187.1. 

35. Trie method ofdaim 31 wherein said antibody reactive wfth the CD3 receptor Is monoclonal antibody 9^. 
38L The method of claim 31 wherein said crosslWdng Is carried out by contact^ 
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molecular weight conjugate. 

37. The method of claim 38 wherein said high molecular weight conjuugate contains antiCD28 monoclonal 
antibody linked to antf-CD28 monoclonal antibody. 

38. The method of claim 37 wherein said anti-C028 monoclonal antibody Is 

3fi» A composition comprising cytolytic iymphocytes produced by contacting lymphocytes with an antibody 
reactive with CD28 receptor on the surface of said lymphocytes. 

40. The composffion of dalm 39 wherein said lymphocytes are T lymphocytes. 

41. Cytolytic lymphocytes obtainable by contacting lymphocytes with an antibody reactive with C028 receptor 
on the surface of said lymphocytes. 

42. Cytolytic lymphocytes obtainable by a process defined In daim 41 wherein the cytolytic lymphocytes have 
cytolytic activtty that Is CD3 heterocorjugete^ndependenL 

43. Cytolytic lymphocytes obtainable by a process defined in daim 41 or 42 wherein said lymphocyte© are T 
lymphocytes. 

44. Cytolytic pymphocytes obtainable 

phase of said cytolytic activity does not depend on stimulation of the CD3/T1 receptor complex 

45. Cytolytic iymphocytes obtainable by a process defined in any one of claims 41 to 44 wherein eaid antibody 
reactive wttft CD28 receptor Is a monoclonal antibody. 

46L Cytolytic lymphocytes obtainable by a process defined In dalm 45 wherein said monoclonal antibody is 
monoclonal antibody 9.3. 

47. Cytolytic lymphocytes obtainable by a process defined in any one of claims 41 to 46. the process further 
comprising the step of contacting sab lymphocytes with antibody reactive wfth CD2 receptor. 

40, Cytolytic lymphocytes obtainable by a process defined In any one of claims 41 to 47, the process further 
comprising the step of crosslinking said antibody reactive with CD2 receptor. 

48. Cytolytic lymphocytes obtainaMe by a process defined in any oneof dainra41 to 48, the process furtier 
comprising the step of contacting said lymphocytes wfth antibody reactive with C03 receptor. 

50L Cytofytto lymphocytes obtainatt^ 

receptor b immobltzed to a solid support 

51. Cytdytlc lymphocytes obtainable by a process defined in any one of cteims 41 to 50, the process 
comprising the step of contacting said lymphocytes w5h brterieukin-2. 

52. Cytolytic lymphocytes Obtainable by a process defined in any one of daims 41 to 51 wherein said lympho- 
cytes are contacted to vftro wfth said antibody reactive with CD28 receptor. 

53. Cytolytic iymphocytes obtainable by a process defined in wiy cm 
receptor is aggregated In vitro on the surface of said lymphocytes. 

54. Cytolytic lymphocytes obtainable by a process defined In daim 53 wherein said aggregation of the CD28 
receptor is carried out by contacting said lymphocytes with ImmobSized entt-C028 monodoneJ antibody. 

6& Cytdytio lymphocytes obtainable by a process defined in daim 53 wherein the aggregation of said CD28 
receptor on the surface of said lymphocytes occurs by crosslinking said antibody reactive with CD28 recep- 
tor on the surface of said lymphocytes. 
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56. Cytolytic lymphocytes obtainable by a process defined in any one of claims 41 to 55 wherein said antibody 
reactive with CD28 receptor on the surface of said lymphocytes ts crossJinked to aggregate said C02B 
receptor. 

57. Cytolytle lymphocytes obtainable by 8 process defined In daim 55 or 56 wherein the cmsJirddng of said 
antibody reactive with CD28 receptor is carded out by crossilnking said antibody with a second anta>ody 
reactive with said antibody reactive w&h CD28 receptor. 

58L Cytolytic lymphocytes obtainable by a process defined In claim 57 wherein said second antibody la a rat 
monoclonal antibody binding to mouse K chains. 

59. Cytolytic rymphocytes obtainable by a process defined In claim 58 wherein said rat moiujdoiiai 8ntfl>ody 
is monoclonai antibody 187.1. 

60. Cytc^c lymphocytes obtainable by a process defined In daim 55 or 58 wherein said croad 
oid by contacting said lymphocytes with a high mdecui&r weight conjugate. 

81. Cytolytic lymphocytes obtainable by a process defined in claim 60 wherein said high molecular weight con- 
jugate contains anti-CD28 monoclonal antibody linked to anti-CD28 monoclonai antibody. 

82. Cytolyticlymphocytes obtainable by a process defined In daim 61 wherein said anti-CD28 nwrtodonaJ anti- 
body Is 9.3. 

63. A method, for producing cytolytic lymphocytes according to any one of claims 41 to 62, whk^ co mprises 
co nt ac tin g lymphocytes with an antibody reactive with CD28 receptor on the surface of said lymphocytes. 

64. Cytolytic lymphocytes according to aityoneof daims41 toe2foruseaaamediceirient 

65. Use of cytolytic lymphocyte 
for the treatment of cancer. 

66L A pharmaceutical composition comprising cytolytic lymphocytBs according to any one of daims 41 to 82 
in combination wHh a pharrraceuticaOy acceptabl e carrier, d luent or exciplent 

67. A method for making a pharn\aceuti coirtolning cytolytic lynuto 

to any one of claims 41 to 62 whh a phanTOceuticafly acceptable carrier, dBuentcrexdplenL 

68L A IdlfbrseQuentiai use in potentiating the development cfcytdytfcactiv^ to produce cytoly- 

tic lymphocytes, the k& comprising : 

a) an antibody reactive wfth CD28 receptor on the surface of saU lymphocytBs ; 

b) means for treating the rymphocytes with the antibody. 

89l A kit for sequential use in the treatment of cancer In a subject the k£t comprising : 

a) an antibody reactive w&h CD28 receptor on tr» surface of lymphocytes; 

b) means for treating the lymphocytes wfth the antibody ; 

c) means for introducing the cytolytic lymphocytes Into the subject 
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Figure 1 
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